Thailand were not classifiable into any of genotypes I/la, II/lb, III/2a, IV/2b, V/3a or VI/3b by RT-PCR with type-specific primers deduced from the HCV core gene. These isolates were sequenced over a 1-6 kb stretch of the 5'-terminal sequence and 1.1 kb of the 3'-terminal sequence covering 30 % of the entire genome. Based on two-by-two comparison and phylogenetic analyses of the nine Thailand isolates among themselves and with known full or partial sequences of previously reported HCV isolates, the Thailand isolates were classified into five genotypes not reported previously, viz. 6b, 7c, 7d, 9b and 9c. Along with HCV isolates reported already, they make at least nine major genetic groups of HCV which further break down into at least 28 genotypes with sequence similarity in the E1 gene (576 bp) of ~< 80%. As many more HCV isolates of distinct genotypes are expected to be found throughout the world, it will become increasingly difficult to classify them by comparison of any partial sequences of the genome. Complete sequence data will be required for the full characterization and classification of HCV genotypes.
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Hepatitis C virus (HCV) is a positive-stranded linear RNA virus of approximately 9500 nucleotides (nt), and is the major causative agent of blood-borne non-A, non-B hepatitis worldwide (for a review, see Houghton et al., 1991) . It has a genomic structure and organization resembling those of pestiviruses and ftaviviruses (Miller & Purcell, 1990 ) with 5' and 3' untranslated regions (UTR) flanking the single open reading frame. The coding area of HCV is divided into nine regions-for core protein, envelope 1 (El) glycoprotein, envelope 2/nonstructural 1 (E2/NSl) glycoprotein, and six nonstructural proteins designated NS2, NS3, NS4a, NS4b, NS5a and NS5b (Houghton eta L, 1991 ; Grakoui et al., 1993) .
Based on sequence similarity across the entire genome, * Author for correspondence. Fax +81 285 44 1557.
The sequences reported in this paper have been deposited in the DDBJ, GenBank and EMBL Nucleotide Sequence Databases (accession nos. D3783%D37841, D37843-D37846, D37848-D37850, D37853-D37855, D37857-D37860, D3786~D37864, D37867, D37869, D38078, D38079). five major HCV genotypes designated I, II, III, IV and V were proposed . Another classification scheme depends on the phylogenetic differences of two tiers, with major types designated 1, 2, 3 etc. which divide into subtypes such as a, b, c etc. (Simmonds et al., 1993) . Genotype I corresponds to la, II to lb, III to 2a, IV to 2b and V to 3a. Within the past few years, many HCV variants with substantial sequence divergence have been found, resulting in at least nine major genetic groups/types and 28 genotypes/subtypes (Enomoto et al., 1990; Choo et al., 1991; Mori et al., 1992; Bukh et al., 1993 Bukh et al., , 1994 Simmonds et al., 1993; Stuyver et al., 1993 Stuyver et al., , 1994 Okamoto et al., 1990 Okamoto et al., , 1992a Okamoto et al., , 1994 Tokita et al., 1994a, b) .
When 90 HCV isolates from sera of hepatitis patients and commercial blood donors in Thailand were genotyped by PCR with type-specific primers deduced from the core gene (Okamoto et al., 1992c (Okamoto et al., , 1993 Luengrojanakul et al., 1994) , 13 (14%) were classified into genotype I/la, 20 (22%) II/lb, three (3 %) III/2a, 41 (46%) V/3a and two (2%) VI/3b, while two sera contained viruses of two different genotypes (I/la and V/3a; II/lb and V/3a). The nine HCV isolates of 0001-3012 © 1995 SGM unclassified genotype, as well as two other isolates of genotype VI/3b were sequenced over 30 % of the entire genome, and compared among themselves and with reported HCV isolates of various genotypes.
Nucleic acids were extracted from 50-100 ~tl of serum, and reverse-transcribed to cDNA with HCV-specific 20-met primers [#299 (nt 250-269), #122 (nt 828-847), a mixture of #127, #204 and #337 (nt 1587-1606), and #316 (nt 8608-8627)] or a non-specific 43-mer primer (#165) as described previously (Okamoto et al., 1992a; Tokita et al., 1994a, b) . Nucleotides were numbered from the putative 5' end of the HCV genome of genotype II/lb (Okamoto et al., 1992b) . The extreme Y-end sequence (nt 1-160) was determined by a single-sided PCR as described elsewhere (Okamoto et al., 1992a) . Two overlapping cDNA fragments from each end of the genome were amplified by PCR with AmpliTaq DNA polymerase (Perkin-Elmer) and appropriate primers (Okamoto et aL, 1992a; Tokita et aL, 1994b) . The cDNA fragment spanning nt45-847 (803 bp) was amplified using the primer pair #32/# 122; the fragment from nt 732-1606 (875 bp) was amplified using primer #50 and a mixture of primers # 127, #204 and #337. The fragment from nt 8259-8627 (369 bp) was amplified with primer pair #317/#316 and from nt 8513 or 8531 to the poly(T)tail (872-890bp) with primer #310 (5'TGC-GGGTCTCAAAGACCCAT 3') or #388 (5' TGACA-TGTTGGTCTGCGGAG 3'), respectively, and primer #165. Three cDNA clones were sequenced for each of these genomic regions, and the consensus sequence was determined for at least 2723 bp. Isolate NE137 of genotype 3b (NE137/3b) and NE048/3c, NE274/3d, NE145/3e and NE125/3f (Tokita et al., 1994a) were sequenced within the extreme Y-end sequence.
Two-by-two comparison of the nine isolates indicated that they were classifiable into five novel genotypes. Th271, Th552, Th976 and Th571 (provisionally classified into genotype 7c) were 95'9-96"2% similar to one another, and Th555 and Th602 of genotype 9b were 97.1% similar to each other. The remaining three isolates were of three different genotypes -Th580 of genotype 6b (Th580/6b), Th846/7d and Th553/9c-differing from one another or isolates of genotype 7c and 9b by 72.1-87.5%. Th576 and Th527 of genotype VI/3b (Luengrojanakul et al., 1994) shared 91.3-91.4% of 2706 bp with isolate NE137 of this genotype from Nepal (Tokita et al., 1994a) , and 93.6-97.3% of the 340 bp in the NS5b region with isolates T-9 and T-10 from Thailand, reported by Mori et al. (1992) as genotype VI (Tb).
Up to now at least 21 HCV genomes have been completely sequenced, including three of genotype I/la (HCV-1, accession no. M62321 ; HCV-H, M67463; HC-J 1, D 10749), twelve of genotype II/1 b (HCV-J, D90208; HCV-BK, M58335; HCV-T, M84754; HCV-JKI, X61596; HCV-JT, D01171; HCV-JT', D01172; HC-J4/83, D01217; HC-J4/91, D10750; HC-C2, D10934; HCV-N, $62220; HCV-HB, L02836; HPCUNKCDS, M96362), one each of lc (HC-G9, D14853), III/2a (HC-J6, D00944), IV/2b (HC-JS, D01221) and 3b (HCV-Tr, D26556), as well as two of V/3a (NZL1, D17763; K3a/650, D28917). The nine Thailand HCV isolates of genotype 6b, 7c, 7d, 9b or 9c exhibited a sequence similarity of < 75.0 % to any of these 21 genomes within 30 % of the genomic sequence being compared. They showed similarity to the 21 genomes of 77.0-84.5 % in the C gene, 55"6-66.1% in the E1 gene and 66"6-73.3% in a 1093 bp length of the NS5b region spanning nt 8279-9371. They were particularly distinct from the genomes in group 3 (NZL1, K3a/650 and HCV-Tr), with a similarity of 77"0-82"7% in the C gene, 57.8-64.9% in the El gene and 69.0-73.3% within 1093 bp of the NS5b region. Table 1 compares the nine Thailand isolates of novel genotypes with reported isolates of 28 different genotypes for which sequence data were available within respective regions (Bukh et al., 1993 (Bukh et al., , 1994 Simmonds et al., 1993; Stuyver et al., 1994; Tokita et al., 1994a, b) . All the nine Thailand isolates showed ~< 84 % similarity to any of the previously sequenced isolates, when comparing the distinct regions of variable length reported, thereby attesting to the new genotypes to which the Thailand isolates belong.
Th580/6b showed 84% similarity to VN506/6a but differed from isolates of groups 7-9 by 77-78 % within a sequence of 2"7 kb (Tokita et al., 1994b) . In the 1149 bp sequence covering the core and El, Th580/6b was 80 % similar to a reported HCV isolate in group 6 but only 72-74 % similar to those in groups 4 and 5 (Bukh et al., 1993 (Bukh et al., , 1994 . However, Th580/6b had a similarity of only 78 % to an isolate in group 6 and 62-67 % to isolates in groups 4 or 5 within a 222 bp length in the NS5b region spanning nt 8313-8534 (Simmonds et al., 1993) . Based on the similarity to reported HCV isolates in group 6, as well as differences from them, Th580 was considered to belong to genotype 6b. The four Thailand isolates of genotype 7c (Th271, Th552, Th571 and Th976) were only 82.0-82.3 % similar to the isolate of genotype 7d (Th846); they all were 82-84% similar to reported isolates in group 7. Their differences from each other, as well as from isolates in group 7 of genotypes 7a and 7b, justified their classification into genotypes 7c and 7d, respectively. The two Thailand isolates of genotypes 9b (Th555 and Th602) were 87.0-87.5% similar to the isolate of genotype 9c (Th553); they were all 84 % similar to reported isolates in group 9 of genotypes 9a, but ~< 81% similar to isolates in groups 1-8 within a sequence of 2.7 kb (Tokita et al., 1994b) or 1149 bp covering the * The genomic region specified as 5'-E2/NS5b/3' corresponds to the 5'UTR, C and E1 genes as well as parts of the E2/NS1 region (93-96 bp), the NS5b region (1093 bp) and the 3'UTR which add up to 2700-2706 bp; NS5b to a part of the NS5b region spanning 222 bp; C/E1 to the C and E1 genes spanning 1149 bp; C/E1/NS5b to a part or the entire C gene (195 or 573 bp) as well as parts of the E1 gene (384 bp) and NS5b (334 bp) totalling 913 1291 bp; and C to the C gene of 573 bp.
# Genotype 6b, Th580; 7c, Th271, Th552, Th571 and Th976; 7d, Th846; 9b, Th555 and Th602; 9c, Th553.
core and E1 genes. Therefore, they were classified into genotypes 9b and 9c, respectively. Two phylogenetic trees of HCV were constructed by the unweighted pair-group method with the arithmetic mean of Nei (1987) using a molecular evolutionary analysis system for DNA and amino acid sequences (treeupg of ODEN programs version 1.1.1, National Institute of Genetics, Mishima, Japan). The entire E1 gene (576 bp) and a part of the NS5b region [1093 bp (nt 8279-9371)] were compared as reported previously (Tokita et al., 1994b ) among 67 isolates of major genomic groups 1-9 and 57 HCV isolates of groups 1-3 and 6-9, respectively, including the 11 Thailand isolates. The trees confirmed the five novel genotypes to which the nine Thailand isolates belonged.
The sequence of the E1 gene was 82.1-98.4 % similar in isolates of the same genotype, 68.2-80.0 % similar among isolates of different genotypes and 53.1-72.4 % similar among isolates of different major groups. Thus, there was some overlapping between genotype and group orders of similarities. By contrast, comparison of the 1093 bp length of the NS5b region clearly discriminated the three orders of sequence similarity at 91.7-99.2%, 80.2-88.6% and 66"5-80"0%. However, the difference between the upper limit of group homology and the lower limit of genotype homology was only 0.2 %, and isolates of groups 4 and 5 are excluded from the comparison.
The nine Thailand isolates of novel genotypes (6b, 7c, 7d, 9b and 9c) showed higher similarity to genomes in group 1 (96.~99.1%) than to those in group 2 (92.6-94.4%) or group 3 (91.4-93.5%) in 5'UTR sequence. Fig. 1 compares partial sequences of the 5'UTR in representative HCV isolates of 22 different genotypes where variation tends to occur. Th580/6b had a 342 bp 5'UTR, like VN506 of genotype 6a (Tokita et al., 1994b) , and lacked nt 6 in comparison with isolates of genotype II/lb. They both had a deletion of nt 35, as well as insertions of CA after nt 197 and of A after nt 206. The other seven Thailand HCV isolates in group 7 or 9 had a 338 bp 5'UTR as do Vietnamese isolates in groups 7 9 (Tokita et al., 1994b) ; they all lacked nt 6, nt 15 and nt 35, except for the isolate of genotype 7d that preserved nt 15. Th846/7d was unique among isolates of groups 7-9 having a 340 bp 5'UTR with an insertion of A after nt 206, like isolates of genotypes 3d, 3f, 6a and 6b. Stuyver et al. (1994) reported a sequence motif in the 5'UTR specific to HCV isolates of group 4. Their proposal, however, is no longer justified when the 5'UTR sequences of groups 7-9 are included in the comparison. In the amino acid sequence of the core protein, the alanine at position 149 was specific for HCV isolates in groups 6-9 including the nine Thailand isolates; this position is occupied by arginine, however, in isolates in groups 1-5. Amino acid sequences of the C/E1 and El/E2 junctions and the hypervariable region are compared among HCV isolates of various genotypes in Fig. 2 . The nine Thailand isolates in groups 6, 7 and 9 had Asn-250 as a potential N-glycosylation site as reported for isolates in groups 6-9 and those of genotype II/lb, in addition to four or five Asn residues at positions 196, 209, 234, 305 and 325; these five residues were also conserved in isolates Th576 and Th527 of genotype 3b, as in previously reported isolates of genotypes 3a-3f. Asn-196 and eight cysteine residues in the E1 protein were conserved in all HCV isolates; Thailand isolates in group 9 had an additional Cys at position 363. The GHRMAWDMM sequence motif spanning amino acids 315-323 (Bukh et al., 1993) was conserved also, except that Gln-316 was replaced by His-316 in Th976/7c, and Val-323 by Met-323 in Th576/3b. Hydrophobic residues, such as Ile, Leu, Phe and Val occupied at least five of seven amino acids at positions 372-378, regardless of different genetic groups, but a signalase recognition sequence at the carboxy terminus of the E1 protein was quite variable.
In the hypervariable region (Hijikata et al., 1991; Ogata et al., 1991 ; Weiner et al., 1991 ; Okamoto et al., 1992b) , a Thailand isolate of genotype 3b (Th527) had an insertion of AAA encoding Lys after amino acid 383, while isolates in groups 6 and 7 had a deletion of 3 bp resulting in the loss of amino acid 384. Even Thailand isolates of the same genotype (3b, 7c and 9b) differed in 9-18 (36-72 %) of the 25 amino acids spanning positions 384-408.
In the 3'UTR, all Thailand HCV isolates had a stop codon corresponding to nt 9372-9374 in isolates of genotype II/lb, as do all reported isolates in major groups 1-9. Thailand isolates in groups 6, 7 and 9 had a TAG stop codon and lacked the other in-frame stop codons, like Vietnamese isolates in groups 6-9 (Tokita et aL, 1994b) . The sequence length before the poly(T) tail varied from 29-42 bp among the Thailand isolates, compared with 23 bp in isolates of genotype V/3a and 39-45bp in isolates of genotypes I/lb-IV/2b, but shorter than the 66 bp in isolates of genotype lc . Due to occasional T-to-C or T-to-G mutations seen in the T stretch, solitary C or G nucleotides in the T-stretch were disregarded in estimating the 3' terminus of the genome. Thailand HCV isolates in groups 6, 7 and 9 had a CACTCC sequence motif in 3'UTR, like those found in the 5'UTR (nt 23-28 and nt 38-43) and NS5b region (nt 9206-9211) as reported for isolates in groups 1-3 and 6-9; no 3'UTR sequences in isolates in groups 4 and 5 have been described for comparison. All reported isolates were classified into four groups by the position of CACTCC. Isolates of genotype 3b, 9b and 9c from Thailand had this sequence at nt 9388-9393 as reported for isolates of genotype I/la, II/lb and V/3a, as well as those of 3b-3f from Nepal and 8a, 8b and 9a from Vietnam. The Thailand isolate of genotype 7c had this motif at nt9392-9397; those of 6b and 7d at nt 9393-9398, like isolates of genotype III/2a and IV/2b as well as those of 7a and 7b from Vietnam; the isolate of genotype lc had this motif at nt 9388-9393 and another at nt 9416-9421. The only exception was the Vietnamese isolate of genotype 9a (VN004) that had a C-to-A mutation at nt9392 for converting CACTCC to CACTAC; however, this isolate had a T-to-C mutation at nt 9398 which shifted the CACTCC sequence to nt 9393-9398. Taken along with the same sequence motif detected in the 5'UTR and NS5b regions (Takamizawa et al., 1991) , the CACTCC in the 3'UTR would appear to be essential for virus replication.
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Many different genotypes have been reported, most of which are based on sequence divergence within limited parts of the genome. Hence, corresponding nucleotide sequences are not always available for comparison. Table 1 portrays the current turmoil in HCV genotyping. Genotype lc is proposed for the HC-G9 genome from Indonesia, for which the entire nucleotide sequence has been determined, and also for isolates 2TY4 and 4TY4 from Lebanon for which only a 222 bp sequence of the NS5b region (nt 8313-8534) has been reported. Since the HC-G9 genome shows only 79"3 % and 77.5 % similarity to isolates 2TY4 and 4TY4, respectively, within the 222 bp sequence, they are deduced to be of different genotypes.
Genotype 6a has been proposed independently by three different groups of investigators. Bukh el al. (1993 Bukh el al. ( , 1994 assigned genotype 6a to isolate HK2 by comparison of the entire C and E1 genes, whereas Simmonds et al. (1993) reported the same genotype for isolate HK-2 based on the diversity in a 222 bp region of NS5b. Tokita et aL (1994b) sequenced the 5"-and T-terminal sequences, covering the C/E1 genes and including the NS5b region sequence (222 bp), in four Vietnamese isolates. Since they found these Vietnamese isolates to be 94"5-97.2% similar to HK2 and 91.8-95.0% similar to HK-2 within the two separate regions in comparison, they designated this genotype 6a. Thus, Vietnamese HCV isolates linked genotype 6a of Bukh et al. (1993 Bukh et al. ( , 1994 with that of Simmonds et al. (1993) , and were used to verify their identity. In the absence of sequence data linking these two different regions sequenced by the two groups, it is not known whether or not genotypes 2c, 4a and 5a of Bukh et al. (1993) and those of Simmonds et al. (1993) are identical.
As many new HCV isolates are expected from previously unexamined areas of the world, it will become increasingly difficult to classify them into genotypes based on the comparison of any restricted regions of the genome. It is of concern that current genotyping systems for HCV based on partial sequence data will continue to enlarge and complicate the classification of HCV. Differences in partial sequences may not necessarily correlate with virological differences or clinical symptoms. Complete sequence data will be required for the full characterization of HCV genotypes, no matter what considerable extra effort this entails.
